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DESIGN OF NASTRAN DEMONSTRATION PROBLEMS 
By Alvin Levy" 
Grumman Aerospace Corporation, Bethpage , New York 
SUMMARY 
Criteria and procedures are supplied for the selection, evaluation and 
maintenance of an optimum set of demonstration problems to be used for the 
purposes of checking out the NASTRAN program and demonstrating NASTRAN's 
capabilities. 
Manual that will better assist the user community in the selection of NASTRAN 
options and preparation of input data as well as allow the user to isolate 
the various options used in the set of demonstration problems. 
Also, suggestions are made for a new Demonstration Problem 
INTRODUCTION 
I The versatility and scope of N A S W  are large and increasing with each new release. For this reason a set of demonstration problems is used to checkout the NASTRAN program as well as to demonstrate its capabilities, use of demonstration problems in this manner is a good practice and should be continued in the future as new features are added on to NASTRAN. care must be taken in the construction of this set of problems. 
many options available in NASTRAN, the set of demonstration problems should 
be both complete and efficient, irer, it should utilize all the options 
of NASTW in a limited number of problems. 
paper to supply criteria and procedures for the selection, evaluation and 
maintenance of an optimum set of demonstration problems. 
out our objective a catalogue is constructed which lists all the PJASTRAN 
options which are to be explicity checked out. 
to evaluate the present set of demonstration problems and a procedure is out- 
lined for the construction of an optimum set of demonstration problems. 
The 
However, 
Because of the 
It is the intention of this 
In order to carry 
This catalogue is then used 
It is a lso  suggested that a new Demonstration Problem Manud be supplied 
which w i l l  assist the user community in the selection of NASTRAN options 
and preparation of input data, 
Manual (ref. 1). 
of the aforementioned objective, a complete listing of the options available 
in NASTRAN in an organized format. Also a complete catalogue of the present 
demonstration problems is constructed in a matrix form, This catalogue is 
displayed in the Appendix and can be used as a reference to locate the use 
of a particular option in the set of demonstration problems. 
This will be a useful supplement to the User's 
To this end the present paper includes, as a by-product 
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CONSTRUCTION OF CATALOGUE 
The f i r s t  s tep i n  constrbcting a catalogue i s  t o  organize the  NASTRAN 
features  in to  general groups, 
based on the  flow through the NASTRAN data  deck and represent t he  main 
features  t h a t  the user i s  concerned with i n  order t o  s e t  up h i s  problem cor- 
r ec t ly  and completely. The present Demonstration Problem Manual ( r e f .  2 )  
contains a similar l i s t i n g .  
These general groups, shown i n  Figure 1, are  
Next, an evaluation i s  made t o  determine which options must be exp l i c i t l y  
checked out. 
unnecessary bookeeping, 
This w i l l  helg insure completeness and avoid duplication and 
This evaluation leads t o  the  following considerations: 
1. All the modules i n  NASTRAEJ must be thoroughly evaluated. However, 
only those modules not used i n  the r i g i d  formats w i l l  be l i s t e d  i n  
the  catalogue (See A5.DMAP of Appendix). These modules can then 
be a l te red  i n t o  the r i g i d  formats or included i n  a separate DMAP 
program, In  t h i s  way we will guarantee t h a t  a l l  t h e  modules are 
being used, In  addition, all parameter options should be checked 
i n  a separate D W  program. 
2. The case control cards t h a t  a r e  used f o r  select ing bulk data input 
are  not exp l i c i t l y  included i n  the l i s t  of data  cards. These w i l l  
automatically be checked when the  corresponding bulk da ta  cards a re  
used. 
are  l i s t e d  i n  the Appendix under C. B u l k  Data Deck Options. Also see 
section 2.3.1 of the User's Manual for  t h i s  purpose. 
control cards TITLE, SUBTITLE, and LABEL a re  used i n  most problems 
and are  therefore deleted from the l i s t  t o  be demonstrated. 
The case control cards necessary for  select ing bulk data  cards 
The case 
3. Those bulk da ta  cards t h a t  a re  necessarily referred t o  by other 
bulk data  cards are  not included i n  the  catalogue. Generally, 
these a re  property cards. Other bulk data  cards t h a t  f a l l  i n  t h i s  
category a re  EIGP, AXIC,  AXSLOT, AXIF, ADUMi, DAREA and RANDPS. 
Denoted by (*) i n  t he  catalogue l i s t  are  those bulk dat'a cards 
t h a t  are  necessarily required fo r  one or more r i g i d  formats. 
included the  following cards (along with the  corresponding r i g i d  
formats): 
EIGC (7), and TSTEP (9, 12) .  
4. 
This 
EIGR (3, 11, 12), DSFACT (4) ,  EIGB (5),  PLFACT ( 6 ) ,  
All the  NASTMN options a re  l i s t e d  under t h e i r  appropriate headings. 
The f i n a l  product, l i s t e d  i n  the  Appendix, contains a complete and e f f i c i en t  
l i s t i n g  of all the  options i n  NASTRAN which have t o  be exp l i c i t l y  checked 
out. 
under any category of s t ruc tu ra l  consideration the  user can see at  a glance 
the options available and which da ta  cards a re  necessary fo r  each option. 
Also, the  catalogue i s  constructed i n  an eas i ly  usable manner, e ,g , ,  
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CONSTRUCTION OF OPTIMUM SET OF DEMONSTFiATION PROBLEMS 
Select ion of Problems 
In general, s m a l l  prototype problems will be selected. This w i l l  enable 
A number of large-scale problems w i l l  a l so  be included 
the user t o  analyze prototype problems before attempting the  solution of 
large-scale problems. 
t o  checkout such things as s p i l l  logic.  
kept r e a l i s t i c  while u t i l i z ing  as many different options as feasible.  
inkeeping with the desired objective, namely, t o  u t i l i z e  a l l  the options 
available i n  NASTRAN i n  an e f f i c i en t  manner. 
An individual problem w i l l  be 
This i s  
The i n i t i a l  s e t  of demonstration problems w i l l  be comprised of those 
presently being used t o  checkout NASTRAN. 
typical  problems tha t  w i l l  be considered as  additions t o  o r  replacements 
f o r  the i n i t i a l  se t .  
on a simple t russ .  
In problem 2 we a re  considering the buckling of a simply supported square 
plate  under edge compression. 
incorporate all the  p la te  elements into one problem, There are nine such 
elements. Th i s  problem checks out the r e l i a b i l i t y  of the s t a t i c  s t i f fness  
and d i f f e ren t i a l  s t i f fnes s  matrices of p la te  elements, We note tha t  i n  
both these problems there  are many options ( i n  a given category) used i n  a 
single problem, making it possible t o  use a l l  the options i n  fewer problems, 
or, more appropriately, i n  l e s s  computer t i m e .  
the nonlinear behavior of a rotat ing beam under ax ia l  compression. 
addition t o  demonstrating the d i f fe ren t ia l  s t i f fnes s  of the CBAR element, as 
presently demonstrated i n  demonstration problem 4-1, the  present problem also 
includes the following; (1) the use of CELASl and CELAS2 elements, which have 
not been demonstrated in  any current demonstration problem, (2) the use of 
a negative spring t o  simulate a rotat ing mass, and (3) an ALTER which allows 
the load factors,  specified on the DSFACT bulk data card, t o  be applied t o  
load P while not affecting load q (presently a l l  loads are  multiplied by 
the load factors). 
Figure 2 represents three 
In problem 1 subcase def ini t ions are demonstrated 
This problem uses all the static subcase options. 
Instead of using j u s t  one element we 
In problem 3 we are  analyzing 
In 
Evaluation 
A table i s  now s e t  up i n  matrix form and can be used t o  evaluate a 
set of demonstration problems. A similar idea was suggested by Cuthill  e t  al. 
i n  r e f .  3. 
catalogue, while the columns r e fe r  t o  the different  demonstration problems. 
For each problem we check off the options used, 
problems i s  catalogued, we can eas i ly  see from our matrix which options are 
used for a given problem, which problems u t i l i z e  a given option, and i n  
par t icular ,  which options have not been used. 
t ion  problems used t o  check out level. 15 has been made, and the complete 
evaluation matrix i s  given i n  the Appendix, 
The rows of the matrix are the NASTRAN options, l i s t e d  i n  the  
A f t e r  a se t  of demonstration 
An evaluation of the demonstra- 
The general observation i s  
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tha t  the present set of demonstration problems u t i l i z e s  most of the main 
features of NASTRAN, but t ha t  there  are  many minor options which are not 
used. 
Construction and Maintenance 
We can see at  the outset  t ha t  there  i s  no unique set of optimum problems 
feasible ,  
e f f ic ien t  s e t  of problems. The method outlined here i s  an i t e r a t ive  procedure, 
as shown i n  Figure 3.  
catalogue and evaluate them as outlined previously, then update them by 
a l te r ing  and deleting old problems and adding new problems. 
of problems can then be made more e f f ic ien t  by combining options i n  different  
ways, or possibly by combining problems, 
can be repeated as often as necessary. 
easi ly  maintain the  se t  of demonstration problems. As new features are added 
t o  NASTRAN, the  cataloguing tab les  are updated and the demonstration problems 
are  a l tered or added t o  and the cycle repeated. 
e f f ic ien t  s e t  of demonstration problems which can be maintained w i t h  a minimum 
of e f for t .  
In f ac t  it would be very ineff ic ient  t o  t r y  t o  find the most 
Starting with a given se t  of demonstration problems, 
The updated se t  
The cycle of evaluating and updating 
We must a l so  make sure tha t  we can 
This w i l l  lead t o  an 
Once we have a set of problems we can demonstrate them on NASTRAN. With 
our cataloguing procedure we w i l l  know exactly which options are  being checked 
out and which options remain t o  be checked out,  Ultimately, we w i l l  have a 
complete set of problems, tha t  i s  t o  s a y ,  a se t  of problems tha t  u t i l i z e s  a l l  
the  features of NASTRAN. 
DEMONSTRATION PROBLEM MANUAL 
The proposed Demonstration Problem Manual w i l l  consist of a description 
of the demonstration problems, as appears presently ( re f .  2 ) .  
addition w i l l  be the  catalogue of NASTRAN options, 
reader t o  follow and understand the selection of options used f o r  a given 
problem. 
of the present s e t  of demonstration problems, 
i so l a t e  the use of a given option i n  the se t  of problems. 
t ha t  the data decks f o r  the  demonstration problems a lso  be included i n  t h i s  
manual for easy reference and completeness. 
Cuthil l ,  e t  al. i n  reference 3 .  Whether the data decks are included 
i n  the manual, since they are  supplied t o  the user from COSMIC, they 
should include comments t o  help explain any misunderstandings tha t  m i g h t  
a r i se  i n  the preparation of data. 
A useful 
This  w i l l  enable the 
Also included, for easy reference, should be the evaluation matrix 
This w i l l  allow the user t o  
It i s  suggested 
This has also been suggested by 
CONCLUDING REMARKS 
The present t ex t  outl ines procedures for constructing an optimum se t  
of demonstration problems (one which u t i l i z e s  a l l  the options i n  an 
e f f i c i en t  manner) and a format fo r  a new Demonstration Problem Manual (one 
which readi ly  lends i t s e l f  t o  i so la t ing  the  use of individual options). 
This w i l l  allow both the  management and user 
b e t t e r  advantage of the use of denionstration 
REFERENCES 
1. The NASTRAN User's Manud, McCormick, C. 
1970 0 
community of NASTRAN t o  take 
problems. 
W . ,  ed. NASA SF-222, September 
2. The NASTRAN Demonstration Manual, NASA SP 224, September 1970. 
3. Cuthil l ,  E , ;  Matula, P.; Hurwitz, M . ;  McKee, J.;  and Messalle, R,:  
NASTRAN Evaluation Report, Naval Ship Research and Development 
Center, AML-49-70, August 1970 
CATAMX;UE OF NASTRAN OPTIONS, LETEL 15 
A. Ekecutive Control Deck Options 
1. Rigid Format - APP DISP/SOL K1, K 2  
1.1 Sta t i c  Analysis 
1.2 
1.3 Normal Mode Analysis 
1.4 
1.5 Euckling Analysis 
1.6 Piecewise Linear Analysis 
1.7 Complex Eigenvalue Analysis, Direct Formulation 
1.8 
Response Analysis, Direct Formulation 
genvalue Analysis, Modal Formulation 
1.11 Frequency and Random Response Analysis, Modal Formulation 
1.12 Transient Response Analysis, Modal Formulation 
2.1 Create o r  Edit - UMFEDIT 
2.2 
3.1 Checkpoint - CHKPNT 
3.2 Restart - RESTART 
S ta t i c  Analpsis with Ine r t i a  Relief 
S t a t i c  Analysis with Different ia l  St i f fness  
Frequency and Random Response Analysis, Direct Formulation 
2. User's Master F i le  
Use i n  Execution - UMF K1,  K 2  
3. Checkpoint and Restart 
3.2.1 Restart with Rigid Format Change 
3.2.2 Restart with Case Control Change 
3.2.3 Restart with Bulk Data Change 
4. Alter Rigid Format 
5. 
ALTEE K/ALTER KX, W / E N D A L ~  
Direct Matrix Abstraction Programming (DMAP) 
fPP DMAP/BEGIN/END 
5.1 Ut i l i t y  Modules 5.2 Matrix Operation Modules 
MATPRN ADD PAETN 
MATPRT ADD5 s OLVE 
SEEDTAT DECOMP SMPYAD 
TAEPRT FBS TRNSP 
T B P T  MERGE W R G E  
VEC J!Jil?YAD WARTN 
5.3 User Generated 1/0 5.4 User Tape Modules 
INPUT (a = 1, 7) INJ?UTTl OUTPUT1 
ourem3 INPUTT2 OUTPUT2 
6. 
7. Time - TIME N 
Diagnostic Output - DIAG K (K = 1, 31) 
B. Case Control Deck Options 
1. Subcase Definition 
SUBCASE SYM WCASE 
SUBCOM SYMCOM MODES 
SUBSEQ SYMSEQ 
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B. Case Control Deck Options (cont.) 
3.1 
3.2 
3 03 
3.4 
3 -5 
3.6 
3 -7 
3.8 
3.9 
2. Printed Output Selection 
ACCEIXRATION MaxLLNEs 
KXISYMZFLUID MLLW 
DISP, VECTOR, PRESSURE OFREQUENCY 
ECHO OLOAD 
FORCE, ELLFORCE SACCELERATION 
HARMomcs SDISP , SVECTOR 
LINE SET 
3. Plot ted Output Selection 
P lo t te r  (1) DD (2) CAIXOMP ( 3 )  SC (4) EA1 
Undeformed Plot 
S t a t i c  Deformation Plot 
Modal Deformation Plot  
Transient' Deformation Plot  
Undefomed and Deformed Plot 
Frequency Response Plot 
Transient Response Plot 
Structural  Plot Options 
ORTHCGXAPHIC PROJECTION AXES 
PERSPECTIVE PRaJECTION ORIGIN 
STEREOSCOPIC PROJECTION VIEW 
PROJECTION PIANE SEPARATION FIND 
OCULAR SEPABATION CAMERA 
VANTAGE POINT SYMBOTdj 
C. B u l k  Data Deck Options 
1 .* Geometry 
1.1 Coordinate Systems 
1.2 Geometric Grid Points 
1.3 Scalar Points 
1.4 
1.5 Fluid Points 
Resequencing Grid and Scalar Points 
1.6 S l o t  Surface Points 
1.7 Conical Shel l  Points 
2, Elements 
2.1 Bar 
Offset Bar connection, CBAR 
2.2 Rod 
SPCFORCES 
STRFSS, ELSTRESS 
rnLOcITY 
THETF/IAL 
VELOCITY 
(SORT2 ) 
(PUNCH) 
( 5 )  BL 
Case Control Bulk  Data 
CORDlC 
CORDlR 
CORDlS 
coRD2c 
CORB2R 
coRD2s 
GRDSET 
GRID 
SEQGP 
FREEPT 
FSZIST 
GRIDB 
RINGFL 
GRIDP 
GRIDS 
RINGM 
SECTAX 
sporm 
BAROR 
CBAR 
Offset 
CONROD 
CROD 
CTUBE 2.3 Tube 
C .  Bulk Data Deck Options (cont.) 
2.4 Shear Panel 
2.5 T w i s t  Panel 
2.6 Two-Dimensional Membrane 
Case Control. Ihtlk Data 
2.7 Two-Dimensional Bending 
2.8 Two-Dimensjonal Combined Membrane 
and Bending 
2.9 Conical Shell ,  Isotropic 
2.10 Toroidal Shell., Isotropic or Orthotropic 
2.11 
2.12 Scalar Spring 
Revolved Ring, Isotropic o r  Orthotropic 
2.13 Fluid 
2.14 Slot-Acoustic Cavity h a l y s i s  
2.17 Three-Dimensional, Isotropic 
2.16 General 
2.17 Heat Boundary 
2.18 Direct Input Matrices and 
Input Tables 
2.19 Plot 
3. Material Properties 
CSHEAR 
CTWIST 
CgDMEM 
CTFiI%EM 
CgDpLT 
CTRBSC 
CTEPLT 
CQUADl 
CQUAD2 
CTRIAl 
C T R W  
CCONEPX 
CT ORDRG 
CTRAPRG 
C T R M G  
CELAXl 
CEZAX2 
CELAS3 
C E W k  
CAXIF2 
cAXIF3 
CAXIF4 
CFLUID2 
CFLUID3 
CFLUID4 
CS LOT3 
CSLoT4 
C H M A l  
c m 2  
CTETM 
CWEDGE 
G m L  
CHBDY 
DMI 
DTI 
PLOTEL 
Linear, Temperature Independent ; 
Is0 t ropic  
Ani sotropic 
Ortho t ropic 
Linear, Temperature Dependent; 
Isotropic 
Anisotropic 
Ortho t ropic 
Conduction Properties ; 
Isotropic 
Ani sot ropic 
Nonlinear Material 
MAT1 
MAT2 
MAT3 
TABI;EM1 
TABLE242 
TAB- 
TABLE%& 
TENPERATURE MATT1 
(MATERIAL) MATT2 
TW(MAT) MATT3 
IvIAT4 
MAT5 
TABLES1 
MATS1 
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C. Bulk Data Deck Options (cont.) Case Control Bulk Data 
4. S t a t i c  Loads 
4.1 Concentrated Load 
4.2 Pressure b a d  
4.3 Gravity Load 
4.4 Combined b a d  
4.5 Centrifugal Load 
4.6 Thermal Load 
4.7 Conical Shel l  Load 
5 =  
LOAD 
LOAD 
LOAD 
LOAD 
LOAD 
LOAD 
LOAD 
LOAD 
LOAD 
LOAD 
LOAD 
LOAD 
TEMPERBTURE: 
(LOAD 1 
TEMP(LOAD) 
TEMP ( LOAD) 
TEMP ( LOAD) 
TEMP ( LOAD) 
LOAD 
LOAD 
LOAD 
LOAD 
TEMP ( LOAD) 
4.8 Enforced Deformation DEFOM 
4.10 Different ia l  St i f rness  Scale DSCO 
4.U Piecewise Linear Scale Factor,*g) PLCOEFF 
Dynamic Modeling 
5.1 Structural  M a s s ,  MATi 
3.2 Nonstmctural Mass 
4.9 Heat Conduction LOAD 
Factor, *(4) 
5.3 Concentrated Mass 
5.4 
5.5 Viscous Damping 
5.6 Modal Damping SDAMP 
5.7 Direct Input Matrices B2PP 
K2PP 
M2m 
Structural  Damping, MATi or Prop. 
5.8 Transfer Functions TFL 
5@9 k t r a  Points 
5.10 Scalar Damping 
6. Constraints and Part i t ioning 
6.1 Ml t ipo in t  Constraints MPC 
MPC 
W C  
FORCE 
FORCE1 
FORCE2 
MOME1\TT 
MOMENT1 
MOMXN"2 
SLOAD 
PLOAD 
PLOrn2 
GRAV 
LOAD 
RFORCE 
TEMP 
TEMPD 
TElJlpPl 
TEMPP2 
TEMPP3 
TEMPRB 
FORCEAX 
M O W  
POINTAX 
PRESAX 
T W A X  
DEFORM 
W D Y  
DSFACT 
PLFACT 
St. Mass 
CMASSL 
CWS2 
cMAss3 
cMAss4 
COMMl 
c o w  
St. Damp. 
CVISC 
TABDWl 
DMIG 
DMIG 
DMIG 
TF 
E O I N T  
S E W  
C D W l  
CDAMP2 
CDAMP3 
CDAMP4 
WC 
MPCADD 
MPCAX 
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. Bulk Data C. Bulk Data Deck Options (concluded) Case Control 
6.2 Single Point Constraints SPC 
SPC 
SPC 
SPC 
6.3 Part i t ioning 
Dynamic, Gayan Reduction ( O M I T ,  MET) 
6.4 Free Body Support 
6.5 Fluid Constraints 
6.6 Fluid-Structure Boundary 
6.7 Slot Boundary E s t  
7.1 Determinant (DET) 
7.2 
7.3 Givens (GIV)  
8. Dynamic Excitation 
8.1 Frequency Response Dynamic Load DLOAD 
DLOAB 
8.2 Transient Response Dynamic Load DLOAD 
7. Eigenvalue Extration Method, *(3,5,7,11,12) 
Inverse Power w i t h  Shif ts  (larv) 
8.3 Dynamic Load Tabular Function 
8.4 had ing  Phase Angels 
8Q5 had ing  Time Lags DLOAD 
8.6 Combined b a d s  DLOAD 
8.7 Transient I n i t i a l  Condition I C  
8.8 Transient Time Step,*(9, 12) T S W  
8.9 Random Analysis Power Spectral; RAZ\IDOM 
Density Table 
8.10 Frequency Selections fo r  FREQUENCY 
Frequency Response Problem FREQUENCY 
FREQUENCY 
8.U Nonlinear Transient Response Load NONLINEAR 
Grid Point Weight Generator 
Structural  Mass Coefficient 
Generates Coupled Mass Matrices, (Also CPelement) 
Uniform Structural  Damping Coefficient 
Pivotal  Frequencies for Damping, Rigid Format9 
Print ing of Residual Vectors 
Frequency Range of Modes, +(lO,ll,l2) 
Mode Acceleration Method, Rigid Format 11, 12 
Optional Decomposition f o r  Frequency Response 
Generates Conductivity Matrix 
10. Miscellaneous 
10.1 Delete from OPTP or UMF 
10.2 Comment 
10.3 
3. Rigid Format Optional Parameters, PAFiAM 
} 
Large Field Bulk Data Card 
SPC 
SPCl 
SPCADD 
SPCAX 
OMIT 
OMIT1 
OMITAX 
MET 
M E T 1  
Gwan 
SWORT 
SWAX 
FLXYM 
BDYLIST 
SLBDY 
EIGm 
EIGm 
EIGm 
RLOADl 
RLOAD2 
TLOADl 
TLOAD2 
TABLEDi 
DPHASE 
DELAY 
DLOAD 
TIC 
TSTB 
RAMIT1 
TABRNDl 
Fm 
m u  
FREQ2 
NOLINi  
GRDPNT 
WTMAXS 
COWMASS 
G 
IRES 
L,mREQ 
INODES 
MODACC 
DEC OMOPT 
OPT. HEAT 
w3, w4 
I 
$ 
iYPE* 
DEMONSTRATION PROBLEMS 
PROB. NO. DESCRIPTION * 
Delta wing with biconvex cross section 
Delta wing - Restart, load change 
Delta wing - Restart, r e a l  eigenvalue analysis 
Spherical she l l  with pressure loading 
Spherical s h e l l  - Restart, boundary condition change 
Free rectangular p l a t e  with thermal loading 
Free rectangular p l a t e  - User generated input 
5x50 long, narrow, orthotropic p l a t e  
5x50 p la te  - User generated input 
51r5O p la t e  - Restart,, modified output 
5x60 long, narrow, orthotropic p l a t e  
5x60 p la t e  - User generated input 
5x60 p la t e  - Restart, modified output 
Nonsymmetric bending of a cylinder of revolution 
Solid disc  with rad ia l ly  varying thermal load 
Spherical shel l ,  external pressure loading 
lx4xlO cantilever beam using cubic CHEXAl elements 
2x2~10 fixed-free beam using rectangular CKExA2 elements 
Thermal bending of a bar  
Simply supported rectangular p l a t e  with thermal gradient 
Heat conduction through a washer, surface f i lm heat t ransfer  
Ine r t i a  r e l i e f  analysis of  a- circular  r ing 
Vibration of a 10x20 p la t e  
Vibration of a 10x20 p la te  - User generated input 
Vibration of a 20x40 half p l a t e  
Vibration of a 20x40 half p l a t e  - User generated input 
Vibration of a compressible gas i n  a r ig id  spherical  tank 
Vibration of a l iquid i n  a half  f i l l e d  r ig id  sphere 
Acoustic cavity ana lmis  
Different ia l  s t i f fness  of a 100 c e l l  beam 
Symmetric buckling of a cylinder 
Piecewise l inear  analysis of a cracked panel 
Complex eigenvalues of  a 500 c e l l  s t r i ng  
Complex eigenvalues of a 500 c e l l  s t r ing  - User generated input 
Complex eigenvalues analysis of a cas-f i l led thin cylinder-haxmonics 3 
Complex eigenvalues analysis of a gas-f i l led th in  cylinder-harmonics 5 
Frequency response of a square p la t e  - 10x10 mesh 
Frequency response of a square p l a t e  - User generated irrput 
Frequency response of a square p l a t e  - 20x20 mesh 
Frequency response of a sqmre plate - U s e r  generated input 
Transient analysis with direct matrix input 
Transient analqsis of a 1000 ce l l  s t r ing  
Transient analysis of a 1000 c e l l  s t r i ng  - U s e r  generated input 
T r a n s i e n t  analysis of a f lu id- f i l l ed  elastic cylinder 
Complex eigenvalue analysis of a rocket control system 
Frequency response and random analysis of a 10 c e l l  beam 
10 c e l l  beam - Restart, s t a t i c  analysis 
Frequency response of a 500 c e l l  s t r i ng  
Frequency response of a 500 c e l l  s t r i ng  - U s e r  generated input 
Transient analysis of a f ree  100 c e l l  beam 
1972 U s e r  Master f i l e  - demonstration problems 
LA 
lB 
1c 
2A 
2B 
3 A  
3B 
4A 
4B 
4c 
4D 
4E 
4F 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1 4 A  
14B 
1 4 C  
1 4 D  
15 
16 
17 
18 
19 
20 
2 s  
2x6 
22A 
22B 
33A 
23B 
23C 
23D 
24 
25A 
25 B 
26 
27 
28A 
28B 
2% 
29B 
30 
31 
1- 1 
1- 1A 
1- lB 
1- 2 
1- 2A 
1- 3 
1- 3 
1-4 
1- 4 
1- 4 A  
1- 4 
1- 4 
1- 4A 
1- 5 
1- 6 
1-7 
1- 8 
1- 9 
1- 10 
1- 11 
1- 12 
2- 1 
3- 
3- 1 
3- 1 
3- 1 
3-2 
3- 3 
3-4 
4- 1 
5-1. 
6- 1 
7- 1 
7- 1 
7- 2 
7- 2 
8-1 
8- 1 
8- 1 
8- 1 
9- 1 
9-2 
9-2 
9- 3 
10- 1 
11- 1 
11- lA 
11- 2 
11- 2 
12- 1 
* Descriptions re fer  to l i s t i n g  of demonstration problems f o r  level 15. 
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u 
u 
I 
r f c u  
M 
PI 
1 
r t c u  
r t c u  
P P  
$ 9  
k 
0 
rd 
L 
rd 
0 
I 4  
N'z  
l a  
0 
I I  I I  
u lp1 N" 
c- 
$ 2  
.rl 
oa, 
X P  
3 3  
c 
E 
0 
.-c 
53.5 
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